Primary progressive aphasia (PPA) is characterized by left hemispheric frontotemporal cortical atrophy. Evidence from anatomical studies suggests that the nucleus subputaminalis (NSP), a subnucleus of the cholinergic basal forebrain, may be involved in the pathological process of PPA. Therefore, we studied the pattern of cortical and basal forebrain atrophy in 10 patients with a clinical diagnosis of PPA and 18 healthy age-matched controls using high-resolution magnetic resonance imaging (MRI). We determined the cholinergic basal forebrain nuclei according to Mesulam's nomenclature and the NSP in MRI reference space based on histological sections and the MRI scan of a post-mortem brain in cranio. Using voxel-based analysis, we found left hemispheric cortical atrophy in PPA patients compared with controls, including prefrontal, lateral temporal and medial temporal lobe areas. We detected cholinergic basal forebrain atrophy in left predominant localizations of Ch4p, Ch4am, Ch4al, Ch3 and NSP. For the first time, we have described the pattern of basal forebrain atrophy in PPA and confirmed the involvement of NSP that had been predicted based on theoretical considerations. Our findings may enhance understanding of the role of cholinergic degeneration for the regional specificity of the cortical destruction leading to the syndrome of PPA.
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Introduction
Primary progressive aphasia (PPA) is a language-based dementia syndrome characterized by progressive loss of specific aspects of speech and language, whereas other cognitive domains are initially spared (Mesulam, 1982; Weintraub et al., 1990) . Recently, the syndrome has been classified into three different variants, including a nonfluent/agrammatic variant, a semantic variant, and a logopenic variant (Gorno-Tempini et al., 2011) . They differ in language production and comprehension deficit patterns, which appear to be associated with different cortical sites undergoing atrophic changes (Wilson et al., 2010) .
The syndrome of PPA has been associated with a variety of neuropathologic diagnoses at autopsy, including frontotemporal lobar degeneration (FTLD) associated with abnormal deposits of the microtubule-associated protein τ (FTLD-τ) or of TDP43 (FTLD-TDP) (Mesulam et al., 2008; Bigio et al., 2010) , and with Alzheimer's disease (AD) pathology. High-resolution magnetic resonance imaging (MRI) studies reveal cortical destruction in PPA in the cortical language areas such as the inferior frontal and lateral temporal lobe, with extension into the insular cortex and the frontal and parietal opercula (Rogalski et al., 2011a) . Furthermore, atrophy of striatal and thalamic gray matter has been described in 
